
Once Around the Milky Way

Video credit: Space.com / animation: ESA / produced & edited by Steve Spaleta (  / stevespaleta  )

building out a 3D model of the Milky Way that will offer a tour
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Zucker et al. 2021, Bialy et al. 2021; Zucker et al. 2022, Konietizka et al. 2024,  O’Neill et al. 2025, Swiggum et al. 2024



http://milkyway3d.org


But first, some backstory.



NEW Milky Way

it looks likewhat

how

why

we know

it matters 

The
from AG Munich Colloquium 2023



Extinctio
n & Reddening, fro

m Color Im
aging

Can infer matter’s distance from dust’s effects on stars.

Green et al. 2019

WARNING: schematic diagram, NOT to scale (credit A. Goodman, 2019)

3D dust mapping



Arms of galaxies (1) look like they “wave,” and (2a) they move like that too.  
(2b) There appears to be almost no dark matter in the Milky Way’s disk.)

(4a) The Sun is “just passing through” our Local Bubble & Earth’s (4b, 
planets’) radiation history is determined by this kind of “interstellar weather.”

(6) Magnetic fields appear swept-up into feedback bubble’s surfaces. 

(3a) Feedback from supernovae & winds are as important as theorists said it 
was 50 years ago, even though observers didn’t believe them. (3b) Star 
forming clouds may largely form at the intersection of feedback bubbles. 

(5) Parts (arms?) of galaxies that appear “near each other” today, did NOT 
start out that way.  Pattern speeds are deceiving. 

WHAT WAS “NEW” in 2023….
from AG Munich Colloquium 2023
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[demo/preview]

from 2023

glue
multidimensional data exploration

from AG Munich Colloquium 2023

http://milkyway3d.org


 Loebman and Zucker et al. will present this SIMULATION

“Snapshots” can be deceiving— 
pattern speed is NOT real motion! “Crazy” stuff IS happening?!

DEMO: https://faun.rc.fas.harvard.edu/czucker/Interactive_Figure3_Alyssa.html,  
based on Zucker et al. 2022 (& Konietzka et al. 2024)

from AG Munich Colloquium 2023

https://faun.rc.fas.harvard.edu/czucker/Interactive_Figure3_Alyssa.html


[1] Wallner et al. 2016  
[2]  Breitschwerdt et al. 2016

The timeline is consistent 
with supernova iron 

deposits1,2 in the Earth’s 
crust! 

How did the Sun wind up in the bubble? (by accident)

What does the Sun’s time in 
the bubble mean for Earth? 

See Opher et al. 2023 
(Heliosphere shrinks as Sun 
passes through Local Bubble, 
exposes Earth!)

from AG Munich Colloquium 2023

https://www.nature.com/articles/nature17196
https://www.nature.com/articles/nature17424


Then… 
In 2024, while on sabbatical at 
Harvard’s Radcliffe Institute, Ralf 
Klessen studied how Earth’s Night Sky 
might change, depending on the Sun’s 
Position relative to the Local Bubble.   

Working with Ralf on that made me 
wonder what a star’s Sky “looks like” 
over a full Galactic orbit, and how 
“agent-based” modeling might offer 
new understanding of  what João Alves 
likes to call “galactic weather.” Sample figure from Klessen et al. (2025, in prep.)  showing the 3D positions of the  brightest 

stars (yellow, green) visible from the Sun’s current position, in the context of the Edenhofer 
2023 3D dust map.  Local Bubble model from O’Neill et al. 2024 shown in purple.



“galactic weather” 

https://efremmaconi.github.io/emaconi_webpage/Sun_RW_crossing_3D_animation.html


 
Can we combine what we learn from  
analysis of observations with simulations  
to understand what a star like the Sun might 
encounter on a journey once around the Milky Way?

Today’s Challenge



theo-oneill.github.io/localbubble/neighborhood/ 

The Local ISM, as “observed” in 2024

http://theo-oneill.github.io/localbubble/neighborhood/
https://theo-oneill.github.io/localbubble/neighborhood/


Auriga-like Milky Way(s) will be wonderful 
when resolution is ~10 pc & feedback is 

realistic.   
Currently ~100 pc, with sub grid winds.

stars

gas

“Milky Ways” as Simulated in 2024

Auriga Project 
Simulations using 

AREPO

https://watermark02.silverchair.com/stae1598.pdf?token=AQECAHi208BE49Ooan9kkhW_Ercy7Dm3ZL_9Cf3qfKAc485ysgAAA1cwggNTBgkqhkiG9w0BBwagggNEMIIDQAIBADCCAzkGCSqGSIb3DQEHATAeBglghkgBZQMEAS4wEQQMmyqoDOW2NMpdAZ_qAgEQgIIDCoHJejPhdC3E9U947TsWPUhOZ5sWBL1Mz-7YM9-N6TxpXmuYeuHOUIoL7aqISXwvn2xmLjCZjMH50jUSQhRI1TVzAxu6-uwRs8lA2iQ4w_30ncK_BqtzCAA0nkZzZPqSkoO1B7LmCNtzzagQ1F7yHI-nAXB1meXJEkgGm-sOzCa068vyZhzys_8b04WmIIhsWA2CYXAEYtIGxAaJ1HytZVto_JjELEyH8N8w5q6S8K49suQLbXhTKOLyI2Irp7A5tX3pVNXT1jkYTvxO1xILZy8Zz-GqcmM2pEf8gVE5bweP2M_olTpUv42IabcUNjterslomq3gdeOqFRkxcpibHSl_ep2LYQl8pmSmOFlyqEUQVoL8NyTmRs10azCOrJgb18xQMSOSv3uiRsfwezXr94i9M9-YqGNU5jypLpZgz9PDr3Dki0RJsQ2CnWn8N_-ZCba0Qmw9rK2qsXAN72OtcQtCfLq-BG-SIjWm6GrvH677Kju6xXk3DcPn102M2vEbaomQsLo3cfNejOzAsWFuV4knw5t6pph1N67650l7rqEA983ofnVDHKRazfXxVsfvzKJF7S6xhQjY42_AysjouXqSnpnczJ_kzIzNbUTrP3kfdPHCOmx6dFZzZXY2P8IzotpIFqGueKzuGzC6uRiB2MKqE3dUWjEN-oOWBJQawVVFPmKyCFrBYe0XYRgk-zptVVktHIfmnHer0TIBrWkgmQO17JJiDQYZKnbHb-N9cP_lcamjdcDn-qD8RiSXGI7G8_6VGlMf7KeOCLQp-O1JwhQSxY1iJZ_GR7VfDO_0uZzjclhdt1vkNYVr3Nk2vDizJb5H5X28WBERgaXOUXivnesNf52KnJ_hMhUsH3frsw49Q8Q5sTUbdggXMDZMGw0OW5cJidBaZnatYfsaodO3UXEcDSXNu_-nCf0MZx5RiCaAHBXIt4xuV_REJ_Tr6v3d7a75s9epJT-ZTo9Cav9KA182qFZeXStcLRkkEFtf4WUOF9sOqi6bs2_ppO4jhLF1pnbFy5038x1c_DY


Low distance resolution at large distances (from Sun to 
~Galactic Center): Zucker, Saydjari, Speagle et al. 2025 
“DECaPS2” map + Green et al. (2019) “Bayestar” map 

Video created by Micah Acinapura, using OpenSpace 
cf. tech note3D Dust, 2025

High distance resolution near 
the Sun (within ~1 kpc):  
Edenhofer et al. 2023.

Milky Way “background” is 
cartoon only…but MilkyWay3D 

and Roman will change that.

https://arxiv.org/abs/2503.02657
https://arxiv.org/abs/1905.02734
https://astrofrog.github.io/generated-test-hips-3d/
https://arxiv.org/abs/2308.01295


O’Neill  et al.  Local Bubble (2024)

McCallum et al. 2025 H-⍺ 3D model
and its ionizing sources

Radcliffe Wave (Alves et al. 2020)

O’Neill “perch” voids (preliminary) 

PerTau Shell (Bialy et al. 2021)

glue
multidimensional data explorationGas, Dust & Ionizing Stars, 2025



 
Can we combine what we learn from  
analysis of observations with simulations  
to understand what a star like the Sun might 
encounter on a journey once around the Milky Way?

Today’s Challenge



A “Milky Way Like” Galaxy from JWST (NGC 628)

ESA/Webb, NASA & CSA, J. Lee and the PHANGS-JWST Team, Acknowledgement: J. Schmidt



What’s wrong in this view?

The Sun’s environment is unchanging.



Milky Way-like Galaxy, by Vadim Semenov, 25 views  Aug 31, 2021

More realistic (?) view of just 1.5 Solar orbital periods
 recently formed stars

gas density 
brighter color = higher density

gas temperature 
blue is cold (less than 1000 K) 

red is hot (higher than 100000 K)

turbulent velocity 
 blue = few km/s 

orange-yellow=more than 10 km/s

stars gas

https://www.youtube.com/watch?v=UZV-NV2uwq4


A “Milky Way” from FIRE (Feedback In Realistic Environments)Realistic

stars gas

http://www.tapir.caltech.edu/~phopkins/Site/Movies_m12i/


Kim, C.-G., Ostriker, E. C., Somerville, R. S., Bryan, G. L., Fielding, D. B., Forbes, J. C., Hayward, 
C. C., Hernquist, L., & Pandya, V. (2020). First results from SMAUG: Characterization of 
multiphase galactic outflows from a suite of local star-forming galactic disk simulations. In 
arXiv [astro-ph.GA]. arXiv. https://doi.org/10.3847/1538-4357/aba962 , and many papers since

STARFORGE  
(<1 to ~100 pc, Myrs)

TIGRESS  
(several kpc high, Gyrs)

Grudić, M. Y., Guszejnov, D., Hopkins, P. F., Offner, S. S. R., & Faucher-Giguère, C.-A. (2020). STARFORGE: Toward a 
comprehensive numerical model of star cluster formation and feedback. In arXiv [astro-ph.IM] (Issue 2, pp. 2199–
2231). arXiv. https://doi.org/10.1093/mnras/stab1347, and many papers since 

Inside a Milky Way…

https://doi.org/10.3847/1538-4357/aba962


Nothing stays still. Nothing lasts forever. 

“Everything, Everywhere, All at Once” 

ESA/Webb, NASA & CSA, J. Lee and the PHANGS-JWST Team, Acknowledgement: J. Schmidt



bubbles  
form & expand

clouds 
form

clouds merge/evolve/ 
change shape/disappear

stars are  
born & move

stars blow 
stuff out 

galaxies  
form

galaxies accrete/merge 
evolve/change shape

bubbles  
overlap/merge 

disappear

“Everything, Everywhere, All at Once” 



>Gyr

bubbles  
form & expand

clouds 
form

clouds merge/evolve/ 
change shape/disappear

stars are  
born & move

stars blow 
stuff out 

galaxies  
form

galaxies accrete/merge 
evolve/change shape

bubbles  
overlap/merge 

disappear

~10 Myr

~100 Myr

~1 Myr

~1 to >100 Myr
~10s of Myr

~Myrs

~10 to 100 Myr

“Everything, Everywhere, All at Once” 



How does the “view” 
from a star change, 
as it orbits?



O’Neill  et al.  Local Bubble (2024)

McCallum et al. 2025 H-⍺ 3D model
and its ionizing sources

Radcliffe Wave (Alves et al. 2020)

O’Neill “perch” voids (preliminary) 

PerTau Shell (Bialy et al. 2021)

glue
multidimensional data exploration

This view is only  
2 kpc across



LB

IVS

“smooshed” B-field?

PerTau shell

LB

“smooshed” Taurus cloud

PerTau Shell (Bialy et al. 2021) Clouds on LB (Zucker et al. 2022) LB Model & B-field (O’Neill et al. 2024, 2025) IVS (Gao et al. 2025)

But has 0.1 pc 
resolution



 MILKYWAY3D.ORG
v.2024

http://MILKYWAY3D.ORG
http://MILKYWAY3D.ORG


Why put it all together? Credit: Bob Benjamin, Week 1, II7



McCallum et al. 2025, Mon Not R Astron Soc Lett, Volume 540, Issue 1, Pages L21–L27, https://doi.org/10.1093/mnrasl/slaf023

Figure 3.Simulated top down view of the galactic plane around the sun in H⍺ (left) and simulated neutral hydrogen column density (right). The circled regions are the 
same as in Fig. 1, with the addition of the blue ellipse outlining supershell GSH 238+00+09 (labelled GSH238). The light blue circles on the right panel show our O-star 
locations, with the sizes denoting the ionizing luminosities in (). The yellow crosses denote the location of the Sun in both panels. The galactic centre is to the right. In 
this H projection, it appears that Orion-Eridanus and the Gum nebula are venting into GSH 238+00+09. For a 3D interactive figure, visit https://wim.meikleobney.net. 

wim.meikleobney.net 

Why put it all together?

https://doi.org/10.1093/mnrasl/slaf023
javascript:;
https://wim.meikleobney.net/
https://wim.meikleobney.net/
https://wim.meikleobney.net/


LIVE-env.org

http://LIVE-env.org
http://live-env.org
http://live-env.org


http://milkyway3d.org


OpenSpace

Digital 
Universe

RESEARCH
+EDUCATION
+OUTREACH

in a planetarium



http://live-env.org


OpenSpace

in a augmented reality, on your phone…
RESEARCH
+EDUCATION
+OUTREACH
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created by Scott Lucchini & Jon Carifio

2025: simulation output→glue→AR

Demonstration here→  
A galaxy from the IllustrisTNG simulation 
on a Merge Cube 
 

RESEARCH
+EDUCATION
+OUTREACH



Apple Vision Pro (AR)

Try it with YOUR data, at glueviz.org/glue-ar/ 

https://glueviz.org/glue-ar/


The 3D visualizations 
are just part of a much 
richer environment…

glue
multidimensional data exploration

command-line terminal__ 

2D (Sky) WWT__

3D WWT, with Galaxy model__

GUI data set link editor__glue
multidimensional data exploration

3D view, note selection__glue
multidimensional data exploration

http://live-env.org


▪What fraction of star-forming clouds are or are not candidates for having been compressed at bubble surfaces, and/or at 
bubble intersections? 
▪What fraction of star-forming gas features cannot be clearly associated with structures at least an order-of-magnitude 

larger than they are? (How much "free-floating" dense gas is there in the local ISM?) 
▪What sources of feeback (stellar winds, supernovae, etc.) are most relevant on what spatial and temporal scales? 
▪Can we use information about cluster populations and ages to constrain the bulk motions and expansions of feedback-

driven cavities? 
▪How do "young stars leave home"? What fraction of stars drift away, at what speed, or do clouds "dissolve" first? How 

often might young stars drift from one star-forming cloud to another? 
▪Are the topological characterizations of the spatial distribution of interstellar gas  (in)/consistent with any particular 

numerical simulation(s)? 
▪How well can data, simulations, or both constrain the history of star formation in a given region? Over what time scale?  

For example, over what spatial or temporal scale is it possible to typically associate a star cluster with a gas cavity?  
▪Are there clear relationships between the properties of gas and stars and their position or motion with respect to 

significant Galactic structures, such as the mid-plane or large-scale features, including spiral arms? 
▪What are the dominant mechanisms shaping molecular cloud formation and destruction?  
▪How are these mechanisms related to clouds’ physical properties and the larger-scale galactic environments? 
▪What is the relationship between interstellar cavities and the distribution of OB associations, supernova remnants, and 

HII regions? 
▪Do we observe evidence for triggered star formation at the surfaces of these cavities?  
▪What role does Galactic structure play in star formation? Are spiral arm-like structures in the Milky Way quasi-stationary 

or transient features? Do these arm-like structures violently induce shocks or gently accumulate gas? If the former, what 
role do spiral shocks play in star formation?

“Everything, Everywhere, All at Once” 





TINYURL.COM/UNIVERSE-IN-MY-HAND AUGMENTED REALITY

2021 “PERSEUS-TAURUS SUPERSHELL”

http://tinyurl.com/universe-in-my-hand

